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Tre FLOW METHOD OF ULTRAMICPRCSCOPE MEASUREMENT OF THE PARTICLE
CONCENTRATION OF AEROSOLS AND OTHRER DISPERSION SYSTEMS

6. GERIAGIN, Corresponding Headsr of the kcadoky of 5ciences of tae USSK
and
6, VLASENRKD

The exiating yltrzaicroscopic mathode of saking particle counts of se-osols
arg ether gisparsion systeaa in geners! neve real shortcoolngs, which give rise to
orrors in Lur attersinstions, Including come of 2 syatesatic ngturo, and cause much
foat tisd in oaking cdservations, particuiarly when we are dealing ~ith small particie
concentrations.

The loos of the method of FLON ULTRARICROSCOFY®, s workod out by us, ls the
caking of & particis tount in a continueus #'7eam of awrosci Yiowing in o direction
paralistl to the line of sight,®™ witnh the particies tesvoraing a zone of illusinstion
in a s3ef tiea, !f the tota) obssrved ausder .f the iittle flaghes ix the flels of view
axds by particies crossing the z6ne of {livmiration i divided by ‘he voluce of the
sorosol Tlewing over the fiala, wo ebtain % particia concantration, Figere | lo a
ciagras of the spparetis ..natructed oy cwrseives for this purpose.,

The aain sercsol stroaa goea
through the Jarge pipe &, ky-paosing the
gas call K. To give the gas csil a pro-
Liglnary "washing through™ with the toste
aerossal, tho ecack ¢ is closod and the
aeroao! etrsam (s channgied ¥y aeans of
the throe-wusy cack 2 through the gas celd
K and pipe L. Betarw mpking the Cwunt,
cock 2 is furnge oo that the serosol,
sfter flowing through the gas cell;
passas throug’ micry~valive & and the
capliiary tube of ‘lov-mater R, The
gicro-vaive and Yigu-aeter pereit one in
reguluts snd sessure the voluwitric
velocity of flos of the ssroas! throeugh
the gas celi. (n tha gas cell the
sorose! Tiret fiowe through the innsr
tude b and then through the epacs < de-
tugon the inner tude and the outsr cylindrical wail of the call, The cell i3 2ade of
glass, with the inner tube disckened sacept for an illumination vindow, Ths dark-fleld
Pilumination is provided vy an avtomedile lamp, an accumulntor-fed incandsacant dulb
with the filasent hoated somexhat sbova novesl. The Light from tals bull smases through
fers P and Is focussd on the central part of 1he celi. The aerosol purticios are obe
tervad 28 they pass through *ha rone of iltumination By seans of microesops M, the ays~
piece of uhlch s fitted with & revalving diaphrige D Baving & sarles of oponings range
ing in disestor from O.) to 10 mm. After tha gas cCell hap been “waghad through™ th
thrae=way cock 3 ie turned se ss 10 pass ths aeroasi stress ints veiume guuge /¥/ and
siguitaneousiy ane starts to count the flashss obeervable in the Tigld of the microscopr,

This wethow forss the contant of a Certificats of Autdorsnip Xo. 324565
peausc 10 us en the dasis of our laclaration asdr on the i9th of June,
1944, [Taiw returs to & pateni v copyright registeation, Tr,J

“FoParticta-countioy if a4 (ransverse streas is considerably losy convaniant,
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The court 1z stopped ol ther when g certeln number of flaghes Nes boen recorded {for Ine
stance, one Rundred) or upon a signsi indicating that s certein volume Ras passssé, 4%
the same tias as the count lo atopped the veiume geuge s sdut of7 By turning coek 3.
Ths voluse which kss peased i then cafeulated from the rise In the level of the jiguld
In the straigh? leg of volume gauge b,

The particle concentration 2ay be calculated By the foroula

v T~ %y (13

where N Is the tital aumber of flashea obeerved, V Is the volume which hap passed through
*he count area, l.e, the ares cutlinad In the visusl flels of the microccope, ¥ Is the
volume which hae paosed throueh the nsw eall pasesga b, ¥ daing rotated to V by the

ratie coofficient o, For jinesr fiow of the serosol through pasaesge » 0f thy gas ¢si.
(which was atveys the casc Im our teote), the parsdolic slametral digtridutian ¢f
velocition over tna cross section of the passage works out te the foraula

o
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whore 0 is the dismeter of the inner passsge of the gas cell ang 4 le the dlometer of
the count area.

Let us now conaider the precision, reproducibiifiy, sensitivity ans performencs
of the apparatue, A fundementa! gource of error !n tals method is variaticns In the
nuaber of particies per given voluse, Thie lg a difticulty which is indorsnt ané if=
evitedle in all ultramicroscopic methode, The arithmetice! Sesn error ¢hus latroduced
in measyregents of the concontretion lg equal to

O/ 2 0.8 AT (3)
where N ig the nuabder of flashes counted,

To reduee the error AX/n to 5% it is sufficient to take N = 400, which would
require a four-ainute count at a counting speed of sbout 100 per ainute, The ceunting
spesd any be sd justes to any value vs choose; we may change tha velocity of serssol
flow through eicromvaive N and we may vary the count ares [either by scang of The eyew
plece diaphrage or by changing the objective). !a 2aking counts of perticle conceniru.
tions of the order of 107 ¢s~J it Ig necessary to use on eye—plecs dlac+aga opening of
about 0.1 we dlemoter In conjunction with a 10x ar 201 objective snd to have & velocity
of the serosoi~fiow aiong the axls of the gos cell not graater than | sa/ssc. At the
same time it 1o necesoary to cut down on the zone of filuninstion by arans of an Intere
posed dlapnragm, untit the thickness of the said zone le lgss than the focal depth of
the microscope, which amounts 20 ¢ few hundredthz of 5 allilmeter, Uoder thesse condltiont
we wimont eliminate the chince of there deing avre thun one particle in the count ares
at sny one time, The flashes will follow aach other gepurately and w!il be seen sgainet
o dark dackground, Siace It is easy to elimingte error in the flash-count N, anc since
ye hgvz discarded the lvea of mesouring the count~voives, the inaxact technigue of the
older ultramicroscopic mathods, and instead are asesuring the voluvae fTlowing through
the apparatus, vhich can de esslty carried out with grast precision, sl{ sourcas of
srror other than the variation In particiediztridution are of no practical isportance
In comparison, Thig has deen confirmed In numerovs sstuel counts,




Thua fur instnice we datorwined the vaive of n for oll foq ten tises in st
cosalon {with ¥ = 50 for ench count; snd obtelined the foliouing figuree (Tadle !)swm

TABLE |
PARTIOLE CCMCENTRATION W Gil #06
! o
Caunte

- Deviation 4 Devistion

{ noee) {rom sean fros sean,

N H,¢;53 s <10~ value Ar/n o

An
30 uedd Zeb7 7,67 40,26 10,8
50 L p.50 2.67 2,67 +0,26 10,8
50 e,gg 2.67 1.9y ~0,50 20.7
5 0,60 2.67 EN 0,19 749
47 0.50 2.67 8,87 +.10 4.1
5¢ 0.5 2.87 2,87 40,26 16,8
50 5.5 2,67 2,57 40.26 2.0
50 .50 2.6} 2.67 +0.26 10.8
50 050 2.67 2,23 ~0,18 Te$
%0 8,70 2.87 1,94 <0.50 20,7
|

240 1.5

Hers wg obiain ¢5ﬂ/n,,nn w | 1,35 av _the sxperimsntal value of the error, which
i quite nuar tg t: °nwovot§cn1 vé e 0”8-¢'?N‘l00 =i,

In sopt witrmicroncoplc teenaiques, the most important advantage of the Yigy
aethod fs the grest seving In time ia the vessuremant of ssail particle coacentrations,
2 fact which will v evident fros ths foitowing calculation,

Let the count volusa {count area & multiplied by the thickness h of the rone

of itluwinatian) bu ieantical In both tha systems we are comparing. With the old
methoda, the contents of the cown? volude sre changed approximately once a sscond, while
with the fiou sethod this change txkes plsce In a time t, nawely the time It takes each
asrceot particis to f1it scroas the zoas of Iilusination, a ties equal to the duration
of tne 11ughie, Esperimenty show that ws can teke t o 0,01 second witiout Interfering
with the vipibillity of the Yiashss, & fect uhich is in agreement witr the flndings of
wisunl physiotogy in the wetter of thg sessitivity of ths eye to womentery illumination,
Under these circumstances the Y1ow =:150¢ snesls vp the particle count et least a hundreé
tines or in Other words sersits wa, ln ths sase spece of time and for the sawe variatlonal
vrror, 1o count a psrticle concentration &% isast & hundred times ewa.ier, Thus a con-
satration of the order of | cw=) may Ve sanily sensured in o time of the order of one
ainute, with & wenn erraor of the order of 20, Lat us briefiy enumerate the funssmental
savantoyes ov the T10w Bathod in tue velsiainniion of particie concentrations, aa foilovei=

{1} A recuction [0y 100 tiwee or wore! of the time expended in
nsasuring smeli parilc.* concontrations; that is, ve are
ansbled to messure, with the soww vipenditure of tise,
particis concantrations of ene Nenidredth the density or
lese.,
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{2)  The tezhrique of measwring ths volume of f ow of the asrasd!
with a separate volume gaupge enstles us v “void the dif-
ficultion ane errors which orise !f uwe aro under the recessity
of saactly delisiting and preciaeiy Metrroining the count-
voiuse; in particular 'l technique obviates the [~ wilersinge
tenass of the countovo'ume cautad by necondary dif.usien,

{3) 12 is not nececsary to list and total up a seriss of roatings,

(&) #s coupsred with the oethos of rounting jarticles in s
physicaily oncloced voiume, the {low maihog M3 thess ad-
ventagass vse 3f a sispler gas coil, sbeence of disperses
light fros the surfaces ancloning 1he cout=volume, ang b~
sence of error dus to the cettiing of aerosol particles on
these surfaces.

{S} Tne saall volume ~f the celi and the avoidance of perlodical
intercuptiors of the aerosc! fiow [inevitadle with the al¢
aetno¢! preclude ervors due to the settiing, coagulating,
condenzation, and evapcratien of aserassl particlen,

{6) Tne fiow mathcd pete rid of sl! errore conngcted with aedie
sentation and with the 8roxnlian movement, factore which with
tre usual eethods and when ¢ounte sre beling aade of high
initiai concentrations of Righiy dispereed systaes are capadia
of introducing quite pericus arrors.

(7)) Thers is no nesd¢ or hiah magnificaticn even in the measure=-
sent of high concenirations; thus we do not nesd such exact
cefinition and consecuently can be loss perticular about
the spticel cysten of the microscops.

{8) The flow method revasis & naw possibllity of fundemental
nature: it may lesd to an aytosatic method Tor aercee!
particle counts,

{9} ime flexiviiity of the fios method oakes it ssgy to rlnga
over a wide scale of concentrations, from 3,107 or 4,107 down
te i or 2 per cul.

{10) Tne apparatus as constructed dy us is portable an¢ honrge say
be uoed syen unger non-ig oratory conditions,

The figw -ctnfg will jnevitedly find very diversified appiications |n ~annection
with a number of :cientitic prodless, especiaily in the study of raplély oceurr ) processes
in aerseols, since it is poscibie fo measure particle cone
;~&0‘ contrstions in a eviftly flowing stream 0f the aerosol is=
5 wediately after the formation of the latter, or jasediate'y
after it has boen acted upon in sosc way {for Instance by
¢ an slectrosiatic charge}, In our Isdor. ory in particular.
J the (igv -ctgg§ Ras been used by |.5. ARTEKOY™ for stucying
2 the effect of foreign vapors on asrosol coaguiatioen. In
! Figure 2 we give s lu;plo coagulstion graph (particle volumse
] b b et as & function of tisa) showing that the coaguiation spes.
“ “{,ﬁ o o of oll fog le Independent of the presence of sieaic acle vapor
{compere dlack circlote with open circiota]
Fig. 2

“sboratory of Surface=Active Forces,

tnatitute of Physical Chemistry, Recolved July 10, 1946,
Acadeny of Sciences, USSR, .

® 1.8, ARTENOV, Journal of Physicai chesistry JUSSE/, 20, 559, (1946).
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